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[57] ABSTRACT 
A control for a clutch interconnecting the pump and 
turbine‘ impellers in an automatic torque converter 
transmission for avehicle having an auxiliary multistage 
gear train connected to the output side of the torque 
converter and a plurality of valve actuated hydraulic 
friction clutches for selectively actuating the gears of" 
the gear train at a plurality of speeds including a high 
speed, a low speed and an intermediate speed just below 
the high speed and a throttle for controlling the speed of 
the engine connected to the input side of the torque 
converter, the interconnecting clutch control including 
a speed sensor, a speed detector, a throttle detector and I 
an ampli?er, the amplifier and friction clutch valves 
being connected to the interconnecting clutch control 
to selectively engage and disengage the clutch intercon 
necting the pump and turbine impellersin response to 
the actuation of the'gears of the gear train, the sensed 
and detected speed of the vehicle and the detected 
throttle position. 

4 Claims, 4 Drawing Figures 
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CONTROL‘ DEVICE FOR DIRECT CLUTCH IN 
AUTOMATIC TRANSMISSION 

BACKGROUND AND BRIEF SUMMARY OF 
THE INVENTION , 

This invention relates to a control device for a direct 
‘ clutch allowed to operate under certain conditions in a 
vehicular automatic transmission comprising an auxil 
iary transmission particularly having a hydraulic torque 
converter, a multistage gear train selectively connected 
to the output ‘of the converter, the gear-to-gear speed 
ratio being different, and a plurality of oil hydraulic 
friction clutch means for actuating these working parts; 
and an oil hydraulic direct clutch capable of directly 
linking the pump and turbine imp‘ellersof the torque 
converter together. i ' ' I 

The direct clutch, when actuated, operates to directly 

5 

' speed, the stillness as well as the saving of fuel may be - 

link the pump impeller of the‘ torque converter with its . 
turbine impeller, eliminating the slip loss ‘caused be 
tween both the impellers, thus largely contributing to 
improvements in stillness and the saving of fuel during 
cruising. Consequently, it is desired to enlarge the range 
of the use of such a direct clutch as much as possible; 
however, the use of a direct clutch at the speed ratio 
over two stages poses various problems. 
The ?rst problem is that, if the speed ratio is selec 

tively switched to another while the direct clutch is in 
operation, the shock produced when the speed is 
changed will tend to become greater than what is pro. 
duced by the conventional clutch; this is inconsistent 
with the proposition that the direct clutch is designed to 
offer gentle comfortable driving. 7 , 

Accordingly, the first object of the present invention 
is to provide a control device used to supply a buffer 
zone where a direct clutch is not allowed to be actuated 
in the boundary between two of the speed ratios at 

, which the direct clutch should be employed, in order to 
prevent the speed ratios from being shifted while the 
direct clutch is operating. 
The second problem refers to a reduction in power 

ef?ciency due to the loss-of the primary function of the 
torque converter for amplifying torque, if the direct 
clutch is actuated. When the operating zone of the di 
rect clutch is provided at the second (2ND) and third 
(TOP) speeds for an automatic transmission with for 
ward three speedsrfor instance, the power ef?ciency is 
reduced by the difference between the spud ratios. 
immediately after the speed has been changed to the 
third one; because the output torque curve of the engine 
is normally low at the time of its low speed revolution, 
the power efficiency is particularly felt insufficient with 
a light load when the shifting is carried out in good 
time. ' . 

The second object ‘of the present invention is there 
fore to solve the above problem by not letting the buffer 
zone have a constant width but making the zone wider 
with the light load, whereas the direct clutch is actuated 
after the speed of revolution of the engine has been 
rebuilt to a certain degree. 

In addition, the reduction in the power efficiency is. 
not preferred when the engine is operated in such a state 
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employed as in the case of travelling with the TOP. 
gear. Under, the special circumstances, it is advisable to 
release the operation of the direct clutch at the cost of 
stillnessand the saving of fuel. 
As a result, the third object of the present invention is 

to solve the problem of decreasing power ef?ciency by 
releasing the operation of the direct clutch whenever a 
high output is required. ' 
However, although the transmission of the high out- a 

put has been achieved like a case of cruising at higher 

also required. Accordingly, the fourth object of the 
present invention is to meet the requirement by allow 
ing the direct clutch to continue to operate at a vehicle 
speed higher than that during travelling with a gear 
train in the highest speed stage. > 

In addition, when the engine output is not required on 
the occasion of adjusting the distance between one vehi 
cle and another ahead by reducing the opening degree 
of the throttle valve of the engine during cruising or of 
controlling the speed on a downhill road, the engine 
vbrake will be applied strongly, if the direct clutch is 
operating; this is not preferred from the fuel-saving 
standpoint. In order to prevent the engine brake being 
applied in the region where the engine turns at the 
particularly high speed of revolution, the direct clutch 
should be preferably released from its operating condi- ’ 
tion. ' . 

Upon this, the ?fth object of the present invention is 
to prevent the fuel-saving deterioration by releasing the 
actuation of the direct clutch in the region where the 
engine brake is strongly applied, in order to maintain . 
the same effect of the engine brake as that resulting. 

‘ from an automatic transmission without a direct clutch. 
To control the direct clutch in such various detailed 

manners as mentioned above by means of oil pressure, 
as in the case of the conventional automatic transmis 
sion, a considerable number of control valves would be 
neededibesides, a space for containing them would be 

' required, whereas the total weight would be increased. 
Further, because a spool valve is normally used as a 
control valve, a certain amount of gap for engaging 
purposes is still necessary for sliding the valve. The 
leakage loss produced by these control valves is seri-' 
ously large at high temperature and the volume of the 

~ oil hydraulic pump must be so large as to compensate 

55 

that its throttle valve is almost fully opened when the 7 
vehicle is about to enter an expressway from a ramp to 
join the ?ow of other vehicles or. when it has to pass 
another car ahead under the pressure of necessity. The 
power efficiency is extremely reduced in particular 
when a gear train in a relatively high speed stage is 

65 

the loss, so that the whole or part of the improved sav 
ing of fuel, which may have been obtained from the 
operation of the direct clutch, could be null?ed. 

Accordingly, the sixth object of the present invention 
is to provide the aforementioned control device with 
the number of control valves being ‘as small as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following are the drawings illustrating an exam 
ple of the present invention. . 
FIG. 1‘ is a system chart of an automatic transmissio 

equipped with a control device for a direct clutch ac 
cording to the present invention. 
FIG. 2 is a detailed electric circuit diagram shown in 

FIG. 1. 
FIG. 3 is a schedule drawing illustrating the control , 

device for the direct clutch shown in FIG. 1. _ 
FIG. 4 is a schedule drawing illustrating a directional 

control valve shown in FIG. 1. 
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DESCRIPTION OF PREFERRED EMBODIMENT 
OF THE INVENTION 

Referring now to the following drawings illustrating 
an example of the present invention, the output of an 
engine E in FIG. 1 is applied to a pump impeller P of a 
hydraulic torque converter Tc and then to a turbine 
impeller T hydromechanically. Relative velocity exists 
between both the impellers P, T and, should there be a 
torque-amplifying action, a stator S bears reaction 
force. The output torque of the turbine impeller T is 
transmitted to driving wheels W through an auxiliary 
transmission G and a differential mechansim D. The 
auxiliary transmission G is equipped with a gear train in 
three stages forward with different gear-to-gear speed 
ratios, and another in one stage backward (either gear 
train not shown); and oil hydraulic friction clutch 
means C1, C2, C3, and Cr such as clutches and brakes 
for operating these gear trains. 
A direct clutch Dc for mechanically directly linking 

the pump impeller P and the turbine impeller T together 
is provided between both P and T, and the direct clutch 
Dc is, as described later, oil hydraulically operated 
through a directional control valve 1. 
The pump impeller P drives an oil hydraulic pump 3 

as a hydraulic source through a gear mechanism and 
other proper transmission means 2, sending working 
?uid in an oil tank 4 to a speed ratio selection means 5 
under pressure; a control valve 6 is provided in a hy 
draulic passage connecting the discharge side of the oil 
hydraulic pump 3 with the oil tank 4 to regulate the 
discharge pressure of the oil hydraulic pump 3 to the 
predetermined pressure. 
The speed ratio selection means 5 detects the vehicle 

speed and the opening degree of the throttle represent 
ing the output of the engine E and supplies the dis 
charge hydraulic pressure of the oil hydraulic pump 3 to 
the friction clutch means C1, C2, C3, Cr whenever two 
of the detected values exceed the predetermined refer 
ence values. As a result, the friction clutch means C1, 
C2, C3, Cr actuate the corresponding gear trains on 
receiving the hydraulic pressure, establishing the speed 
ratios for the ?rst, second, third (TOP) and reverse 
speeds. 
The above-mentioned arrangement is the one already 

well known and, since it does not constitute the basic 
portion of the present invention, further detailed de 
scription of it will be omitted. 
As speci?cally illustrated in FIG. 2, the directional 

control valve 1 is a solenoid valve, which comprises a 
solenoid 1a, a movable iron core lb actuated by the 
excitating force of the solenoid 10 when it is electri?ed, 
a spool valve disc 10 linked with the movable iron core 

' 1b, and a spring 1d used to energize the spool valve disc 
10 in a direction opposite to the exciting force of the 
solenoid la. 
To introduce the working ?uid pressure of the fric 

tion clutch means C2 for second speed or the friction 
clutch means C3 for third speed into the operating pis 
ton of the direct clutch Dc, a branch passage 12 branch 
ing off from a working ?uid passage L2 linking the 
friction clutch means C2 for second speed with the 
speed ratio selection means 5 and a branch passage 13 
branching off from a working ?uid passage L3 linking 
the friction clutch means C3 for third speed are each 
extended, and these branch passages 12, 13 are selec 
tively connected to the working ?uid passage Ld of the 
direct clutch Dc through the solenoid valve 1. Then in 
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4 
such a state that the solenoid 1a of the solenoid valve 1 
has not been excited yet, the spool valve disc 10 is 
moved to the left by the force of the spring 1d and held 
in that position as illustrated, allowing the branch pas 
sage 13 to communicate with the working fluid passage 
Ld. Consequently, only when the hydraulic pressure is 
supplied to the friction clutch means C3 for third speed 
from the speed ratio selection means 5, the hydraulic 
pressure is supplied to the direct clutch Dc through the 
oil passages 12, Ld and thus the direct clutch establishes 
an ON state. On the other hand, when the solenoid 1a is 
excited, the spool valve disc 1c resists against the force 
of the spring 1d and is moved to the right by the excit 
ing force of the solenoid, allowing the branch passage 
12 to communicate with the working ?uid passage Ld 
this time; therefore, the hydraulic pressure is supplied to 
the direct clutch Dc through the working ?uid passages 
12, L2 and thus the direct clutch establishes an ON state 
only when the hydraulic pressure is supplied to the 
friction clutch means C; for second speed from the 
speed ratio selection means 5. 
A control circuit 10 is connected to the solenoid 1a of 

the solenoid valve 1, whereas the control circuit 10 
consists of a vehicle speed sensor 11, a sensor 12 for 
sensing the opening degree of the throttle, a vehicle 
speed detection circuit 13, a logic circuit 14 and an 
output ampli?er circuit 15. 

Next referring to FIG. 2, the solenoid valve 1 and the 
control circuit 10 will be described in detail. The vehi 
cle speed sensor 11 comprises a lead switch 21 fixed to 
a vehicle body in its proper position and a member 
rotating interlockingly with the wheel, for instance, a 
magnet rotor 17 tightly attached to a speed meter cable 
16. This rotor 17 is provided with a permanent magnet 
17a on its external periphery. Each time the magnet 17a 
passes just in front of the lead switch 21 as the speed 
meter cable 16 turns, the rotor so functions as to turn off 
the switch 21 and to send the output signal to the vehi 
cle speed detection circuit 13. Consequently, the fre 
quency of the output signal is proportional to the speed 
of rotation of the speed meter cable 16, that is, a vehicle 
speed V. 
As shown in FIG. 2, resistors 22, 23, a capacitor 24, 

an invertor 25, a capacitor 26, a resistor 27, an invertor 
28, a NAND circuit 29, a capacitor 30, a resistor 31, an 
invertor 32, a resistor 33, a transistor 34, resistors 35, 36, 
38, capacitors 37, 39 and a converter 40 are linked to 
gether to constitute the vehicle speed detection circuit 
13, which generates a pulse having constant width and 
synchronizing with the signal sent from the vehicle 
speed sensor 11 and smoothes down the pulse to apply 
a voltage v proportional to the vehicle speed V to the 
first, second and third comparators 45, 50, 55 of the 
logic circuit 14. 
The sensor 12 for sensing the opening degree of the 

throttle valve comprises a cam 56 interlocked with an 
accelerator pedal 18 worked by the foot of and operated 
by the vehicle driver and a closed switch 57 facing the 
cam. When the accelerator pedal 18 is not heavily trod 
on, that is, when the opening degree 0 of the throttle 
valve of the engine is smaller than the predetermined 
value 01, and when the opening degree 0 is larger than 
the predetermined value 02 which is also larger than the 
value 01, the switch 57 is separated from the cam 56 so 
that the contacts are closed. While the opening degree 
0 of the throttle valve is between the predetermined 
values 01 and 02, the switch 57 is pressed against the 
cam 56 so that the contacts are opened. An output sig 
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I outputs of both the NAND circuits 64, 65 show a high 

5 
nal at a high level is sent to the invertor 61 of the logic 
circuit 14 to cause the contacts to open. I , 

The ?rst, second, and third converters 45, 50, 55 of the 
logic circuit 14 are used to compare the output voltage 
v of the vehicle speed detection circuit 13 with refer 
ence voltages. The reference voltages are set at voltages 
v1, v2, v3 (however, v1 <v2<v3) corresponding to set 
vehicle speeds V1, V2, V3 (however, V1 <V2<V3) by 
resistors 43, 44; 48,, 49; 53, 54. Accordingly, the outputs , 
of the comparators 45, 50, 55 maintain a high level when 
the output voltage v of the vehicle speed detection 
circuit 13 is larger than the reference voltages v1, v2, v3 
and maintain'a low level when the former is smaller 
than the latter. . 

In the logic circuit 14, the output signals of the ?rst 
and third comparators 45, 55 are applied to the ?rst and 
third input gates 680, 68c of a NAND circuit 68 pro 
vided with three input gates; however, the output of the 
third comparator 55 is reversed by an invertor 67. The 
output signal of the comparator 50 is applied to the ?rst 
input gate 640 of a NAND circuit 64 through an inver 
tor 62, whereas the output signal of the invertor 61 is 
applied to the second input gate 64b of the NAND 
circuit 64 through an invertor 63. In addition, the out 
put signal of the second comparator 50‘is also applied to 
the ?rst input gate 650 of a NAND circuit 65 and the 
output signal of the invertor 61 is directly applied to the 
second input gate 65b of the circuit 65. The output 
signals of the NAND circuits 64 and 65‘are applied to 
the ?rst and'second input gates 66a. 66b of a NAND 
circuit 66,. respectively; the output signal of the NAND 

' circuit 66 is applied to the second input gate 68b of the 
NAND circuit 68. The output signal of the NAND 
circuit 68 is applied to the output ampli?er circuit 15 
through an invertor 69. 
The output ampli?er circuit 15 comprisesa resistor 70 

and a NPN type transistor 71 and, when the output-of 
‘ the invertor 69 is at a high level, the transistor 71 con 
ducts,_causing the power supply circuitof the solenoid 
valve 1 to be closed. 
Now, if v<v1, theoutput of the ?rst comparator 45 

shows a low level 'and consequently because the outputs 
of the NAND circuit 68 and the invertor69 are allowed 
to have high and low levels, respectively,'the transistor 
71 is held at cutoff so that the solenoid valve 1 is demag 
netized. I 

On the other hand, if v<v3, the output of the third 
comparator '55 shows a high level and consequently 
because the outputs of the invertor 67 and the NAND 
circuit 68 are permitted to have low and high levels, 
respectively, the solenoid valve 1 is demagnetized in the 
same way as the case of v<v|. 

In addition, if v1< v <v3, the outputs of the ?rst com-' 
' parator 45, the third comparator 55 and the invertor 67 
are made to have high, low and high levels, respec 
tively, so that the inputs all at high levels are applied to 
the, ?rst and third input gates 68a, 680 of the NAND 
circuit 68. In thiscase, the output level of the NAND 

‘' circuit 68 is therefore determined by the input level of 
the second input gate 68b. ' 

Accordingly, ?rst referring to the caseof v1<v<v2, 
if 0<01 or 0(03, the output of the NAND circuit 65 
maintains a low level because the output of the second 
comparator 50 shows a low level. On the other hand, 
although the output of the invertor 61 shows a high 
level because the switch 57 is kept closed, the output of 
the NAND circuit 64 is also reversed again by the in 
vertor 63 and maintained at a low level.~As a result, the 
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level, whereas the output of the NAND circuit 66 indi 
cates a low level; the output of the NAND circuit‘68 ‘ 
which employs the above outputs as an input to the 
second input gate 68b shows a low level, causing the 
solenoid valve 1 to be demagnetized. ' 
However, if 0l<0<02 in this case, either of the ' 

output of the second comparator 50 and the output of 
the invertor 61 shows a low level as the switch 57 is ‘ 
opened and therefore the outputs of the invertors 62, 63 
reach a high level, respectively. The output of the 
NAND circuit 64 using the outputs of the above inver 
tors as an input shows a low level, thereby the output of 
the NAND circuit 66 is maintained at a high level; the 
output of the NAND circuit 68 receiving the output at 
the second input gate 68b is maintained at a low level. 
Then the solenoid valve 1 is excited because the output 
of the invertor 69 remains at a high level. ‘ 

Subsequently referring to the case of vz<v<v3, if 
0 <01 or 0> 03, because the outputs of the second com 
parator 50 and the invertor 61 show a-high level, the ' 
output of the NAND circuit 65 using these outputs as an 
input is reduced to a low level and accordingly the 
output of the NAND circuit 66 reaches a high level. As 
a result, the output of the NAND circuit 68 receiving 
the output of the circuit 66 at the second input gate 68b 
is maintained at a low level; therefore the solenoid valve 
1 is excited. 

In addition, if 01 <0<02 in this case, because the 
output of the invertor 61 shows a low level contrary to 
the high level shown by the output of the second com 
parator 50, the output of the NAND circuit 65 is main 
tained at a high level. Furthermore, since the high‘level 
output of the second comparator 50 is reversed by the 
invertor 62 and applied to the NAND circuit 64, the 
output of the circuit 64 reaches a high level; accord 
ingly, the output of the NAND circuit 66, that is, an 
input to the second input gate 68b of the NAND circuit 
68 shows a low level, causing the solenoid valvel to be 
ultimately demagnetized. 
FIG. 4 is a graphic representation illustrating the 

state of the solenoid valve 1 based on the aforemen 
tioned operations. In‘FIG. 4, exciting and demagnetiz 
ing zones are shown by the portions ?lled with oblique 
lines and other ‘portions, respectively. By this, the 
schedule drawing for use in controlling the direct 
clutch Dc as shown in FIG. 3 is obtained, wherein the 
portions with oblique lines are zones where the connec 
tion of the direct clutch Dc is to be made, the other 
portions being those in which its connection is to be 
interrupted. The dotted-lines X, Y show characteristic 
lines of speed shifting. The ?rst speed zone is illustrated 
to the left of the dotted-lines X, the second speed zone 
between the dotted-lines X and Y, and the third speed 
zone to. the right of the dotted-line Y. ~ 
As clearly shown in FIGS. 3, '4, when v<v1, that is, _' ' 

V<V1, the third speed zone does not exist and in addi- ‘ 
tion the direct clutch Dc is not connectedbecause 
solenoid valve 1 has been demagnetized. 

In the case of v1<v<v2, that is, V1<V<V2, be 
cause the solenoid valve 1 is excited only when 01< 
0<02, the, direct clutch Do is connected when the 
working ?uid is supplied to the friction clutch means C2 
for second speed; this zone is indicated by A1 in FIG. 3. 

the 

If 0<02 in this case, because the third speed zone 'does ' 
not exist though the solenoid valve 1 has been demagne 
tized, the direct clutch is being interrupted. However, if 
0 < 01, because the solenoid valve 1 is demagnetized 
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and the third speed zone exists, the direct clutch Dc is 
connected only when the working ?uid is supplied to 
the friction clutch means C3 for third speed. A4 in FIG. 
3 shows this zone. 
The effect of the engine brake in the zone A4 is not 

greater because the speed of revolution of the engine is 
naturally low and the speed ratio is highest. Conse 
quently, although the connection of the direct clutch 
has been established, the saving of fuel is in the least 
affected. 

In the case of v2<v<v3, that is, V2<V<V3, the 
solenoid valve 1 will be demagnetized if 01<0<02, 
besides the third speed zone exists; accordingly, the 
direct clutch Dc is connected only when the working 
?uid is supplied to the friction clutch means C3 for third 
speed. A2 in FIG. 3 shows this zone. In this case, if 
0<01 or 0<02, the solenoid valve 1 will be excited, 
besides the second speed zone exists; therefore, the 
direct clutch is connected only when the working ?uid 
is supplied to the friction clutch means C2 for second 
speed. A3 in FIG. 3 indicates this zone. 

In this zone A3, although the power efficiency is 
slightly reduced because the direct clutch Dc is allowed 
to be connected, the speed ratio may make up for the 
reduction as it is in the second speed zone. Since the 
speed of revolution of the engine E is sufficiently high, 
causing the torque curve to rebuild, there is practically 
almost no problem with this. 
When v<v3, the solenoid valve 1 is demagnetized 

irrespective of 0 and the connection of the direct clutch 
Dc, which is always in the third speed zone, is main 
tained at all times. A5 in FIG. 3 shows this zone, 
wherein the direct clutch Dc is left in a connected state 
and this makes it possible to economically put a vehicle 
on a cruise with stillness even if the vehicle is made to 
travel in the superhighway ‘autobahn’ with the throttle 
valve being fully opened. 
The zones B1, B2, B3 in FIG. 3 are buffer zones in 

which the direct clutch has been disengaged and the 
torque converter To in these zones can be used to ab 
sorb a shock caused by shifting the speed up and down 
between the second and third speeds. The zone B2 may 
be erased depending on the method of selecting 02 and 
V2 and this is practically justifiable. 

In addition, when the vehicle is made to travel in a 
general urban district, the smaller the opening degree of 
the throttle valve (the output of the engine is weak), the 
earlier shifting the speed up is carried out. This will 
result in decreased power efficiency and the decreased 
efficency must be supplemented by the torque amplify 
ing function of the torque converter Tc. However, 
since the zones B1, B2 are expanded toward the smaller 
side of the opening degree 0, the direct clutch Dc can 
be maintained in a disengaged state until the vehicle 
speed increases to reach V1 or V2 even after the speed 
has been shifted up to the second or third speed, thus 
making it possible to meet the requirements. The same 
thing can be applied to the driving condition with the 
opening degree 0 of the throttle valve being 02 or more; 
in other words, because the direct clutch Dc can be 
maintained in a disengaged condition until the vehicle 
speed V reaches V2 in the second speed zone and until 
it reaches V3 in the third speed zone, the primary 
torque amplifying function of the torque converter Tc 
is fully displayed when quick starting or quick accelera 
tion is required; thus no inconveniency is caused. 
The zone B4 in FIG. 3 is an area for buffering the 

engine brake with the direct clutch Dc being disen 
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8 
gaged. While the opening degree of the throttle valve 0 
is decreased to less than 01 to reduce the speed during 
travelling at high speed (V 2-V3), the direct clutch Dc is 
disengaged, generating a slip in the torque converter 
Tc. Consequently, the effect of the engine brake is re 
duced and for this reason the fuel-saving deterioration 
can be prevented by suppressing the excessive increase 
in the speed of revolution of the engine E. 

Referring to the aforementioned applications, the 
direct clutch can be so constructed that, when it is in 
operation, torque is transmitted in any direction be 
tween the impellers P, T of the torque converter Tc, or 
the torque is transmitted unidirectionally from the 
pump impeller P to the turbine impeller T. However, in 
case the latter with the unidirectional clutch function is 
adopted, the positive reason for releasing the actuation 
of the direct clutch Dc is almost nullified. In addition, it 
becomes unnecessary to limit the solenoid valve 1 to a 
directly operating spool valve as shown in FIG. 2 and 
the working ?uid passage Ld of the direct clutch Dc 
should be selectively connected to either working ?uid 
passage L2 for second speed or that L3 for third speed. 
For instance, such a function may be ful?lled by a hy 
draulic directional control valve actuated by throttle 
hydraulic pressure and governor hydraulic pressure, 
and generally used to control the speed shifting valve of 
the auxiliary transmission G, and as for the automatic 
transmission, it must not always be an automatic trans 
mission but may be a so-called semi-automatic transmis 
sion in which the speed ratio is manually selected. In 
additionI the friction clutch means Cr, C1, C2, C3 oper 
ated to establish a speed ratio when the working ?uid 
pressure is introduced into them are generally in use; 
however, those which are normally released by means 
of working ?uid pressure and actuated to establish the 
speed shifting ratio by means of a spring when the 
working ?uid pressure is removed may also be em 
ployed. 
The number-of stages is not limited, provided that 

forward two stages or more are provided for an auto 
matic transmission. Regardless of the type of automatic 
“transmission of the present invention is applied to the 
highest and secondary high speed stages thereof. 
A Hall element or [C in place of the lead switch 21 

may be used as the vehicle speed sensor 11; otherwise, 
it may be composed of a combination of a photointer 
rupter and a screen that the speed meter cable is pro 
vided with. The sensor 12 for sensing the opening de 
gree of the throttle valve like the vehicle speed sensor 
11 may be also constructed of a combination of a pho 
tointerrupter and a screen or another of a lead switch 
and a magnet in a magnetic method. Although the vehi 
cle speed has been regulated with an analog process in 
the control circuit 10, it may be digitally processed and 
the arrangement using the logic element may be re 
placed with a programmable one by means of a mi 
crocomputer. 

Since the working ?uid passage of the friction clutch 
means for actuating the gear train in the highest speed 
stage and the working ?uid passage of the friction 
clutch means for actuating the gear train immediatly 
close to the highest speed stage are so arranged accord 
ing to the present invention that they are selectively 
connected to the working ?uid passage of the direct 
clutch through the directional control valve, the direct 
clutch may be automatically actuated in a travelling 
condition with the highest speed ratio and the one im 
mediately lower than the former. As a result, the saving 
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of fuel and stillness are by far improved, while a com 
pact lightweight apparatus becomesavailable since it is 
simple in constructiomMoreover, one directional con 
trol valve, that is, a control valve can serve the purpose, 
so that loss caused by the leakage of working ?uid can 
be minimized. I > 

In addition, control of the operation of the directional 
control valve may be carried out with the predeter 
mined vehicle speed as a boundary and this results in the 
formation of a buffer zone so that the direct clutch is not 
actuated in the boundary where two of the speed ratios 
contact'each other because of the even balance of gear 
ing characteristics and thus the shock‘ at the time of 
speed shifting‘ is prevented. Furthermore, the buffer 
zone is made wider on the low load side and therefore 
‘the direct clutch will not be actuated unless the speed of 
revolution of the engine is rebuilt to a certain degree 
even if shifting the speedup is carried out earlier with a 
light load.’Consequently, the sufficienttorque amplify 
ing function of the torque converter is available, 
thereby the power efficiency is not felt insufficient. 
According to the second example of the present in 

vention, because the operation of the directional control 
valve is controlled with‘ the predetermined vehicle 
speed and engine output as a boundary, it becomes 
possible to obtain the torque amplifyingfunction of the 
torque converter by releasing the actuation of the direct 
clutch when a high output is required during travelling 
at a relatively high speed ratio. Moreover, by keeping 
operating the direct clutch on entering the predeter 
mined high speed condition during travelling in the 
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for increasing the speed of said engine and said vehicle 
when said throttle is opened, a hydraulic torque con 
verter connected at its input side to said engine and 
having turbine and pump inpellers; an auxiliary trans 
mission having a plurality of stages of gear trains with 
different gear ratios and a plurality of hydraulic friction 
clutch means for actuating said gear trains selectively, 
said gear trains being connected to the output side of 
said torque converter; and a hydraulically actuated 
direct clutch having a working ?uid passage through 
which said clutch receives hydraulic pressure, said 
clutch being capable of directly coupling the pump and 
turbine impellers of said torque converter upon receipt 
of said hydraulic pressure, wherein said friction clutch 
means include ?rst and second clutch means associated 
with and actuating the highest speed stage and the sec- ‘ 
ondary high speed stage of said gear trains, respec- , . 
.tively, said first and second clutch means having work 
ing ?uid passages for receiving hydraulic pressures 
therethrou‘gh for ' engagement thereof, said working 
?uid passages of said friction clutch means being selec 
tively connected through a control valve to the work 
ing ?uid passage of said direct clutch for feeding a part 
of the hydraulic pressure being supplied to said friction 
clutch means to said direct clutch for direct connection 
thereof through operation of said control valve in re- > 
sponse to the levels of vehicle speed and throttle open-v 
ing degree. 

2. A control device as set forth in claim 1, wherein 
, said control valve is operated based on first and second 

TOP stage, the requirements regarding stillness and the ‘ 
saving of fuel are satis?ed, so that comfortable high ~ 

engine brake is applied during high speed travelling. at a 
high speed ratio, it is possible to bring about the effect of 
preventing the fuel-saving deteriorationand the like by 
releasing the operation of the direct clutch. ' ' - 
What is claimed is: ' _ 

1. A control device for a direct clutch in a vehicular 
automatic transmission, comprising an engine, a throttle 

speed cruising conditions are made available. When the n 
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predetermined levels of vehicle speed, said second level 
being larger than the ?rst level. 1 

3. A control device as set forth in claim 1, wherein _ 
said control valve is operated based on first and second 
predetermined levels of said throttle opening degree, 
said second level beinglarger than said first level. 
V 4. A control device as set forth in claim 1, wherein 
said controlwvalve is an electromagnetically actuated 
directional control valve. 
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